Effect of extracorporeal shock waves on callus formation during bone lengthening.
The effects of extracorporeal shock waves (ESWs) on callus formation during bone lengthening were studied in 25 female Japanese white rabbits. Bone lengthening of 9.8 mm was obtained over 2 weeks using the Orthofix M-100 bone fixator. ESWs were applied 3 weeks after surgery. Pins were removed 7 weeks after surgery, and specimens were prepared after the animals were killed at 9 and 24 weeks. The shock wave setting used was 0.42 mJ/mm(2) with a pulse interval of 2 Hz; 3000 shots each were applied to the central and peripheral areas. The specimens were evaluated using radiography, bone mineral density (BMD) measured by dual energy absorptiometry (DXA), and a three-point bending test to evaluate mechanical strength. Histological examination was performed on the lengthened portion. Radiographs and histological observations revealed no apparent fractures in nonlengthening tibias at the shock wave energy densities used. Radiographic observations revealed no apparent differences between the control group and the ESW group. BMD measurements by DXA revealed significantly increased bone mass in the ESW group 9 weeks after surgery. At 24 weeks after surgery the mean BMD had decreased to 25% and 15% of the values at 9 weeks in the control and ESW groups, respectively. The three-point bending test revealed no significant differences between the groups. Histological observations revealed significant capillary formation and osteoblasts and chondrocytes in the bone marrow as well as bridging of newly formed trabeculae 2 weeks after the bone was lengthened. At 4 weeks after treatment, observations included parts of the lengthened portion with no cortex or immature bone. At 9 weeks after surgery, cortex formation and a normal medullary cavity were clearly observed in the control group, whereas observations in the treated group included areas of the lengthened portion with no cortex and formation of immature trabecular structures and increased cancellous bone in the center of the lengthened portion. At 24 weeks after surgery, more prominent cortex formation and fatty marrow were observed in the ESW group than in the control group.